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Abstract: TiGAI4V alloy is widely used for hip joint prostheses, however owing to its lack of biomimetic surface prop-
erties, it often suffers from poor osseointegration. It is well known that bone mesenchymal stem cells (BMSCs) play
an important role in the osseointegration of the host bone and joint prostheses. One promising approach to improv-
ing the osseointegration of joint prostheses is to enrich the number of BMSCs at the periprosthetic site. Previous
studies have reported that BMSC specific affinity peptide E7, can specifically enrich BMSCs. However, to date, few
studies have reported the use of E7 in bone tissue engineering. In this study, we conjugated E7 peptide to TiGAI4V
alloy to fabricate a scaffold (BTS) to improve the biocompatibility of the alloy. E7 peptide efficiently improved the
adhesion of BMSCs to Ti6AI4V alloy. In addition, the BTS scaffold was more conducive to osteogenesis than the
RGD-functionalized and non-functionalized control scaffolds. The functional BTS scaffold could pave the way for
designing functional joint prostheses, which promote osseointegration between the host bone and implant.
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Introduction

TiBAI4V alloy (titanium, 6% aluminum, 4% vana-
dium) is widely used for hip joint prostheses
because of its proven biocompatibility and
mechanical properties [1]. However, the sur-
face of TiBAI4V alloy is not biomimetic, which
often leads to poor osseointegration between
the host bone and joint prostheses [2]. Poor
osseointegration can lead to looseness of joint
prostheses, which is a catastrophic complica-
tion for total hip arthroplasty. Reducing the
incidence of prosthesis looseness through bio-
functionalization of Ti6AI4V alloy to promote
osseointegration, is therefore an area of fo-
cused research in bone tissue engineering.

To date, the bio-functionalization of Ti6AI4V
alloy has mainly focused on surface modifica-
tion. The surface modification of Ti6AI4V alloy
can be divided into two approaches: one
approach is using bioactive coatings, such as
RGD coating [1], or calcium phosphate coating
[3]; the other is physicochemical modification
of the alloy, such as changes to surface rough-

ness [2, 4]. The RGD peptide has been widely
studied because of its cell attachment. For
example, Mas-Moruno et al. reported that the
RGD peptide could efficiently enhance osteo-
blast adhesion to the surface of Ti6Al4V alloy
[1]. The RGD peptide comprises an arginine-
glycine-aspartate amino acid sequence, which
is prevalent in the extracellular matrix and is
responsible for the initial attachment of various
cells [5]. As a result, in addition to promoting
seed cells, RGD peptide can also enrich the
concentration of inflammatory cells at the sur-
face of TiGAI4V alloy [6], which could adversely
affect osseointegration.

It is well known that bone mesenchymal stem
cells (BMSCs) play an important role in the
osseointegration between the host bone and
implant surface because osteoblasts at the
periprosthetic site are differentiated from
BMSCs [7]. Therefore, one promising method
for improving the osseointegration between the
host bone and implant, is to enrich the concen-
tration of BMSCs at the periprosthetic site [8].
In addition, the greater adhesion efficiency of
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Figure 1. Schematic illustration of the covalent conjugation of the BMSC affinity peptide (E7) to the TiBAI4V scaffold

using the Sulfo-SMCC crosslinker.

BMSCs could reduce the rate of infection,
which can be a catastrophic complication for
hip arthroplasty [9]. Gristina has reported that,
immediately following the implantation of a
prosthesis in hip arthroplasty, a “race for the
surface” between bacteria and tissue cells
takes place [10]. If bacteria win the race, hip
periprosthetic joint infection may occur. The-
refore, a biomimetic prosthesis surface that
supports the adhesion of seed cells during the
“race for the surface” could decrease the infec-
tion rate and promote osseointegration [11].

In a previous study, Shao et al. reported the
effects of the BMSC specific affinity peptide E7
(a peptide sequence composed of seven amino
acids: EPLQLKM), which could specifically and
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effectively facilitate the adhesion of BMSCs to
electrospun mesh [6]. Interestingly, the E7 pep-
tide promoted the development of fewer inflam-
matory cells than the RGD peptide, indicating
that the E7 peptide causes less inflammation
damage. However, to date, few studies have
reported the use of E7 in bone tissue engineer-
ing. In this study, we conjugated E7 peptide to
TiBAI4V alloy to investigate whether E7 could
enrich BMSCs on a Ti6Al4V alloy surface and
promote osseointegration between the alloy
and host bone.

In brief, the aim of this study was to develop
E7-modified Ti6AI4V alloy to promote BMSC
recruitment and osseointegration, using pure
Ti6AI4V alloy and RGD-modified Ti6AI4V alloy
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Table 1. The primer sequences of RT-gPCR

Gene  Primer sequence

Runx2 Forward:

Reverse: 5-AGGATTTGTGAAGACGGTTATGG-3’
COLI  Forward: 5’-ACAGCCGCTTCACCTACAGC-3’
Reverse: 5’-GTTTTGTATTCAATCACTGTCTTGCC-3’
OPN Forward: 5’- TGA CCA TTC CAA CGA GTC TCA CCA TTC-3’
Reverse: 5’- TGG CAT CTG CAC TCT CAA CGT TAG ATC-3’
OCN Forward: 5’- CAC AGC CTT CGT GTC CAA GC-3’
Reverse: 5’- GCT CAG ACA CCT CCC TCC TG-3’

5

-CGGAATGCCTCTGCTGTTATGAA-3’

Covalent modification of Ti6AI4V scaf-
folds with peptides

BMSC affinity peptide E7 was conju-
gated to the surface of TiBAI4V scaf-
folds to improve the bio-functionaliza-
tion (Figure 1). The covalent modifica-
tion procedure was performed accord-
ing to a previous report [12]. Briefly,
the Ti6AI4V scaffolds were immersed

GAPDH Forward: 5’-GAGTCAACGGATTTGGTCGT-3’
Reverse: 5-TGGGATTTCCATTGATGAAC-3’

in 10% (w/v) 1,6-hexanediamine (Sig-
ma, St. Louis, MO, USA) solution for 60

as control groups. To determine the effective-
ness of E7 modification, the effects of the dif-
ferent Ti6AI4V scaffolds on BMSC adhesion,
spreading, and osteogenic differentiation, we-
re analyzed. Development of the E7-modified
TiBAI4V alloy could provide a new approach to
improving osseointegration between hip pros-
theses and host bone.

Materials and methods

Preparation of BMSC affinity peptide and RGD
peptide

The BMSC specific affinity peptide (E7) and
RGD peptide were commercially synthesized
by the Beijing SciLight Biotechnology Ltd. Co.
[12]. An L(+)-Cysteine residue was added at the
C-terminus of the peptide sequence that was
used for covalent attachment in the scaffold
functionalization. The peptides were labeled
with fluorescein isothiocyanate (FITC) to facili-
tate detection. E7 and RGD peptides without
FITC were also synthesized for immunofluores-
cence experiments.

Preparation of Ti6AI4V alloy scaffolds

The TiBAI4V scaffolds (thickness, 2 mm; diam-
eter, 5.5 mm) were derived from a medical
Ti6AIV4 rod with a diamond band saw (Exakt,
Apparatebau, Germany). To minimize the influ-
ence of TiBAI4V surface roughness, the TiGAI4V
scaffolds were polished to achieve a smooth
mirror-like surface with Ra below 40 nm [13].
The Ti6AI4V scaffolds were then successively
cleaned with acetone, ethanol, and ultrapure
water (20 mins each) in an ultrasonic cleaner.
The Ti6AI4V scaffolds were stored at 4°C until
used.
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min at 37°C. After washing with ultra-
pure water, the aminated Ti6AI4V scaf-
folds were soaked in 2 mg/mL sulfosuccinimi-
dyl-4-(N-maleimidomethyl) cyclohexane-1-carb-
oxylate (sulfo-SMCC, Thermo Fisher Scientific
Inc., Rockford, IL, USA) solution for 60 min at
room temperature. The specimens were then
incubated in 0.1 mg/mL BMSC affinity peptide
solution for 12 h at 4°C. The BMSC affinity pep-
tide-coated Ti6AI4V scaffolds (designated the
BTS group) were sterilized and stored at -20°C
before use.

A second group of TiBAI4V scaffolds was fabri-
cated by covalent functionalization with RGD
peptide using the same procedure. These scaf-
folds formed the control group (RTS group).
Pure Ti6AI4V scaffolds with no peptide func-
tionalization provided a second control group,
designated the PTS group.

Qualitative analysis of BMSC affinity peptide
on different scaffolds

Confocal microscopy and scanning electron
microscopy (SEM) were used to qualitatively
analyze the BMSC affinity peptide on different
scaffolds. Briefly, to explore the peptide distri-
bution on different scaffolds, the BTS, RTS, and
PTS scaffolds were observed using confocal
microscopy at excitation/emission wavelengths
of 488/525 nm [14]. Additionally, the BTS, RTS,
and PTS scaffolds were analyzed using an SEM
equipped with electron dispersive spectrosco-
py (EDS) to explore their surface topography
and composition [15].

Hydrophilic properties of different scaffolds

To explore the hydrophilic properties of the
BTS, RTS, and PTS scaffolds, their water con-
tact angles (WCA) were measured [12]. Briefly,

Am J Transl Res 2018;10(8):2480-2490
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Figure 2. Determining the characteristics of E7-modified scaffolds. I. Confocal scanning microscopy image of FITC-
E7 peptide modified TiBAI4V scaffolds. The green fluorescence indicates that E7 was evenly conjugated to the sur-
face of the TiBAI4V scaffolds. Il. EDS spectra of different scaffolds. Ill. The mass percent of carbon (C) for different
scaffolds measured by EDS, indicating that the RTS and BTS scaffolds had higher C content than the PTS scaffold
(n =3, *P < 0.05). IV. Representative images of water contact angle (WCA) for different scaffolds. V. Quantitative
analysis of WCA for different scaffolds showing that the RTS and BTS scaffolds were more hydrophilic than the PTS

scaffold (n = 3, *P < 0.05).

a drop of water was deposited on the scaffolds
and the WCA was measured using a video
monitor.

BMSC culture and identification

The BMSCs were acquired from Sprague Daw-
ley (SD) rats (weight, 100 + 30 g) [10]. The ani-
mal study was approved by the ethics commis-
sion of Shandong Provincial Hospital affiliated
to Shandong University. Briefly, the medulla of
the femurs and tibias were carefully flushed
with culture media. The specimens were then
cultured with alpha-minimum essential medi-
um (a-MEM). After 24 h, the medium was cha-
nged to remove the non-adherent cells. Adhe-
rent cells were identified as BMSCs by a tri-lin-
eage differentiation experiment (including oste-
ogenic, adipogenic, and chondrogenic differen-
tiation). In detail, to verify the osteogenic differ-
entiation, alizarin red and alkaline phosphatase
staining were performed; to verify the adipo-
genic differentiation, oil red O staining was per-
formed; to verify the chondrogenic differentia-
tion, toluidine blue and collagen Il immunohis-
tochemical staining were performed.

BMSC seeding on different scaffolds

Third-passage BMSCs were seeded onto the
BTS, RTS, and PTS scaffolds at a density of
3x10° cells/cm? [16]. Subsequently, the BMSC-
loaded scaffolds were incubated with complete
oa-MEM media at 37°C in a humidified atmo-
sphere (5% CO,). The cell culture media was
changed every 3 d. At specific time points, the
BMSC-loaded scaffolds were harvested for var-
ious analyses.

Biocompatibility of different scaffolds

To determine the biocompatibility and cytotox-
icity of different scaffolds, the BMSCs on differ-
ent scaffolds were quantified using cell count-
ing kit-8 (CCK-8, Dojindo, Japan) after 1, 3, and
7 d of incubation [17]. Briefly, the BMSC-loaded
scaffolds were incubated with 500 pL of CCK-8
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solution (1:10 diluted with a-MEM) for 3 h.
Subsequently, 100 L of media from each sam-
ple was transferred to a 96-well plate and the
absorbance was measured with a microplate
reader at a wavelength of 450 nm.

The biological function of BMSC affinity pep-
tide on different scaffolds

To explore the biological function of BMSC
affinity peptide E7, the spread of BMSCs on
the BTS, RTS, and PTS scaffolds was analyzed
by CFM and SEM. For CFM observation, BMSCs
on different scaffolds were stained with rhoda-
mine phalloidin (Cytoskeleton Inc., Denver, CO,
USA) to label the cytoskeleton [16]. The speci-
mens were then observed using CFM at 544
nm (excitation) and 572 nm (emission). For SEM
analysis, the BMSC-loaded scaffolds were im-
mobilized using glutaraldehyde. After desicca-
tion and spraying with gold, the specimens
were observed using SEM [18]. To further quan-
tify BMSC bioactivity on different scaffolds, the
DNA content was analyzed after incubation for
21 d[16].

In addition, the adhesion force of BMSCs on
BTS, RTS, and PTS scaffolds was measured
according to previous reports [19, 20]. Briefly,
the BMSC-loaded BTS, RTS, and PTS scaffolds
were washed with PBS after 1 d to remove the
suspended BMSCs, and the number of BMSCs
was counted. Subsequently, the BTS, RTS, and
PTS scaffolds were centrifuged at 600 and
1000 rpm for 5 min. The ratio of BMSCs ad-
hered to the BTS, RTS, and PTS scaffolds be-
fore and after centrifugation was then calculat-
ed, allowing the adhesion force of BMSCs on
different scaffolds to be calculated.

Osteogenesis of BMSCs on different scaffolds

After allowing BMSCs to seed on scaffolds for
24 h, the BMSC-loaded BTS, RTS, and PTS
scaffolds were changed to osteogenic induc-
tion media containing 1% glutamine, 0.2% as-
corbate, 0.01% dexamethasone, and 1% B-gly-
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Figure 3. Identification of BMSCs. BMSCs at passage 3 with homogeneous distribution (A). Osteogenesis was veri-
fied using alizarin red (B) and alkaline phosphatase staining (C); adipogenesis was examined using oil red O staining
(D); chondrogenesis was established using toluidine blue (E) and collagen Il immunohistochemical staining (F). (A-F)
indicate that BMSCs were successfully cultured. Scale bar = 100 pm.

cerophosphate (Cyagen Biosciences Inc., Go-
leta, CA, USA) [21]. After 3 weeks of incubation,
the specimens were harvested for real-time
quantitative PCR (RT-gPCR) and immunofluo-
rescence staining to explore the osteogenesis
of BMSCs on different scaffolds.

The RT-qPCR was performed to determine the
runt-related transcription factor 2 (Runx2), type
I collagen (COL 1), osteopontin (OPN), and osteo-
calcin (OCN) gene expression, which are the
markers of BMSC osteogenic differentiation
[22]. Briefly, the specimens were immersed in
TRIzol reagent to extract total RNA. One micro-
gram of each RNA sample was then used to
synthesize complementary DNA (cDNA) with a
PrimeScript 1st strand cDNA synthesis kit
(TaKaRa, Japan). Finally, quantification of the
cDNA was performed using an Applied Bio-
systems 7300 Real-Time PCR System. The
sequences of the oligonucleotide primers are
shown in Table 1. The mean fold changes of the
genes were analyzed using the 222°t method
with glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) as the reference [23].

Immunofluorescence staining was performed
to determine the synthesis of OCN and OPN
proteins, which are the specific markers of
osteogenesis [24]. To minimize mutual fluores-
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cence interference, the RTS and BTS scaffo-
Ids were conjugated with peptides that had not
been FITC labeled. Briefly, for the OCN determi-
nation, the specimens were incubated in mouse
anti-osteocalcin antibody (ab13420; Abcam
Inc., Cambridge, MA, USA) for 12 h at 4°C. After
rinsing with PBS, the specimens were incubat-
ed with goat anti-mouse IgG as the secondary
antibody (A11029; Invitrogen, Carlsbad, CA,
USA) for 30 min at 37°C. Nuclei were counter-
stained with Hoechst 33258 (Fanbo Bioche-
micals Co. Ltd., Beijing, China).

The determination of OPN used the rabbit anti-
osteopontin antibody (@b91655; Abcam Inc.,
Cambridge, MA, USA) as the primary antibody
and goat anti-rabbit 1gG (A11008; Invitrogen,
Carlsbad, CA, USA) as the secondary antibody.
The detection procedure for OPN was similar to
that of OCN.

Statistical analysis

The statistical significance of the differences
among PTS, RTS and BTS scaffolds was ana-
lyzed using the analysis of variance (ANOVA) by
the SPSS v16.0 software. Mean + standard
deviation was used to express the results. P <
0.05 was considered statistically significant.
And all of the experiments were performed in
triplicate.

Am J Transl Res 2018;10(8):2480-2490
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Figure 4. Biocompatibility and bioactivity of BTS scaffolds. (I) BMSC survival on different scaffolds was measured
using a CCK-8 kit. The BMSCs proliferated with time, indicating that the PTS, RTS, and BTS scaffolds showed no
cytotoxicity. (II) Spreading of BMSCs on different scaffolds after incubation for 24 h. Images (A), (B), and (C) show
the confocal scanning of cytoskeleton staining for BMSCs. BMSCs on the BTS scaffolds exhibited better spreading
morphology than those on the RTS and PTS scaffolds. Red, rhodamine phalloidin; green, FITC-labeled RGD or E7. Im-
ages a, b, and ¢ show the SEM scanning of BMSC spreading. BMSCs of the BTS group expanded better than the two
other groups, which was consistent with the results of cytoskeleton staining (A-C). (Ill) The adhesion force of BMSCs
on different scaffolds. The results indicate that BMSCs on the BTS scaffolds had stronger adhesion force than those
of other groups. (IV) DNA content of different groups after 21 d incubation. The results indicate that BMSCs on the

BTS scaffolds had better bioactivity than those of other groups (n = 3, *P < 0.05).

Results

Covalent modification of Ti6AI4V scaffold with
BMSC affinity peptide E7

To confirm the successful covalent modification
of TiBAI4V scaffold with BMSC affinity peptide
E7, the BTS scaffolds were observed using con-
focal microscopy. As shown in Figure 2I, FITC-
modified E7 was evenly distributed on the sur-
face of the Ti6Al4V, indicating that the BTS
scaffolds were successfully fabricated.

To further confirm the conjugation of the pep-
tides to Ti6AI4V, EDS was carried out. As shown
in Figure 2Il, 2lll, the mass percent of carbon

2486

for the RGD-modified scaffold (RTS) and BTS
scaffold were significantly higher than that of
the unmodified Ti6AI4V scaffold (PTS). This
result supports the successful conjugation of
the peptides to the Ti6AI4V alloy because both
peptides contain carbon.

Hydrophilic properties of BTS scaffolds

The hydrophilic properties of the different scaf-
folds were demonstrated using water contact
angle. As shown in Figure 21V, 2V, the BTS and
RTS scaffolds were more hydrophilic than the
PTS scaffold. There was no significant differ-
ence between the hydrophilicity of the BTS and
RTS scaffolds.

Am J Transl Res 2018;10(8):2480-2490
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Figure 5. Expression of osteogenic genes for BMSCs on different scaffolds deter-
mined by RT-gPCR after incubation for 21 d. (A) Runx2 gene; (B) COL | gene; (C)
OCN gene; (D) OPN gene (n = 3, *P < 0.05). (A-D) show that the expression of
osteogenic genes for BMSCs on the BTS scaffolds was significantly higher than

for the other groups.

BMSC culture and identification

BMSCs were extracted from Sprague Dawley
(SD) rats, and their properties were determined
using a tri-lineage differentiation experiment.
As shown in Figure 3, alizarin red and ALP stain-
ing indicated that the BMSCs could be differen-
tiated into osteoblast-like cells; the Oil Red O
staining indicated that the BMSCs could be
induced into adipocytes; and the Alcian blue
and collagen Il staining indicated that the
BMSCs could be induced into chondrocytes
(Figure 3). Taken together, these results dem-
onstrate that the BMSCs were successfully cul-
tured, and had the potential for multi-lineage
differentiation.

BTS scaffolds show no cytotoxicity

CCK-8 analysis was performed to determine
the biocompatibility and cytotoxicity of the PTS,
RTS, and BTS scaffolds. As shown in Figure 41,
the BMSCs proliferated with time in all cases,
indicating that the scaffolds showed no cytotox-
icity. From the fourth day of incubation, the
absorbance for the PTS group was significantly
lower than those of the BTS and RTS groups,
which might be due to the lack of functional
peptides on the PTS scaffolds. After incubation
for 7 d, the absorbance in the BTS group was
significantly higher than that in the RTS group,
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of incubation. In addition,
the cell morphology obser-
ved by SEM showed that
the BMSCs of the BTS
group expanded better th-
an those of the two oth-
er groups (Figure 41I1A-C),
which was consistent with the results of cyto-
skeleton staining. The adhesion force of BMSCs
on the BTS scaffolds was also stronger than for
the other groups (Figure 4lll). After incubation
for 21 d, the DNA content of the BTS group was
significantly higher than those of the PTS and
RTS groups (Figure 41V), which indicates that
BMSCs on the BTS scaffolds had better bioac-
tivity than those in the other groups. From
these data it can be concluded that the E7 on
the BTS scaffold can efficiently promote BMSC
adhesion.

Osteogenic performance of BMSCs on differ-
ent scaffolds

Analysis of the osteogenic performance of
BMSCs on different scaffolds was carried out
using RT-gPCR and immunofluorescence stain-
ing to quantify the specific osteogenesis mark-
ers. As shown in Figure 5, after incubation for
21 d, the expression of Runx2, COL I, OCN, and
OPN genes in the BTS group was significantly
greater than those for the RTS and PTS groups.

Immunofluorescence staining showed that the
synthesis of OCN and OPN proteins in the BTS
group was significantly higher than in the RTS
and PTS groups (Figure 6), which supported the
results of RT-qPCR.

Am J Transl Res 2018;10(8):2480-2490
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Figure 6. Synthesis of osteogenic proteins for BMSCs on different scaffolds determined by immunofluorescence
staining after incubation for 21 d. A. Representative images of OCN immunofluorescence staining (Scale bar = 25
um); B. Analysis of OCN fluorescence intensity with Image-Pro Plus 6.0 software showed that more OCN was synthe-
sized in the BTS group (n = 3, *P < 0.05); C. Representative images of OPN immunofluorescence staining (Scale bar
= 25 pym); D. The analysis of OPN fluorescence intensity with Image-Pro Plus 6.0 software indicates that more OPN

was synthesized in the BTS groups (n = 3, *P < 0.05).

Discussion

TiBAI4V alloy has been widely used for hip joint
prostheses because of its proven biocompati-
bility and mechanical properties [1]. However,
Ti6Al4V lacks a biomimetic surface to promote
efficient osseointegration, which often leads to
looseness of joint prostheses [2]. It is known
that BMSCs play an important role in the osseo-
integration between host bone and joint pros-
theses because osteoblasts in the periprosth-
etic site are differentiated from BMSCs [7].
Therefore, enriching the concentration of BMS-
Cs at the periprosthetic site could be a promis-
ing approach to improving the osseointegration
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between host bone and joint prostheses [8]. In
the current study, we conjugated the BMSC
specific affinity peptide, E7, to Ti6Al4V alloy to
improve the bioactivity of the Ti6AI4V surface.

As shown in Figure 2I-lll, the E7 was evenly
conjugated to the Ti6AI4V alloy, indicating that
the BTS scaffold could be successfully fabri-
cated. In addition, conjugation of E7 led to an
increase in the hydrophilicity of the BTS scaf-
folds compared with the PTS group (Figure 2IV-
V). The increased hydrophilicity could promote
nutritional exchange for BMSCs adhered to the
scaffolds [25], which might improve the osteo-
genesis of BMSCs on the BTS scaffolds.

Am J Transl Res 2018;10(8):2480-2490
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The biological function of E7 on the BTS scaf-
folds was further investigated, with CCK-8
experiments showing that the BMSCs on the
BTS scaffold proliferated with time (Figure 41),
indicating that the BTS scaffolds were not cyto-
toxic. Importantly, the BTS scaffolds supported
better BMSC spreading and adhesion force
than the other groups (Figure 4lI-11l), which was
consistent with a previous report [6]. After incu-
bation for 21 d, the DNA content in the BTS
group was significantly higher than those in the
PTS and RTS groups (Figure 41V), which indi-
cated that BMSCs on the BTS scaffolds had
better bioactivity than those on the other sur-
faces. From these data, we conclude that the
BTS scaffolds could efficiently improve the
adhesion of BMSCs, which could be due to the
conjugation of BMSC affinity peptide E7.

In addition, the osteogenic performance of
BMSCs on BTS scaffolds was analyzed using
RT-gPCR and immunofluorescence staining.
Both results indicated that the biomimetic BTS
scaffolds were more conducive to osteogenesis
than the other scaffolds (Figures 5 and 6). The
reason for the better osteogenic performance
of the BTS scaffolds may be that BMSCs show
better adhesion and spreading under these
conditions, which is attributed to the BMSC
specific affinity peptide E7 on the surface of
the scaffolds (Figure 4). Previous studies have
reported that the adhesion of seed cells on
scaffolds is the first step of cell-scaffold inter-
action in tissue engineering, and the state of
adhesion affects the subsequent biological
function of cells [26]. Consequently, the en-
hanced initial adhesion of BMSCs to BTS scaf-
folds could be conducive to the subsequent
osteogenesis of BMSCs.

In addition, the enhanced adhesion of BMSCs
to BTS compared with other scaffolds, might
also decrease the infection rate. Infection is a
catastrophic complication for hip arthroplasty
[9], and reducing infection rate is therefore a
priority. Previous studies have reported that a
“race for the surface” between bacteria and tis-
sue cells takes place immediately following
implantation of a prosthesis in hip arthroplasty
[10]. If bacteria win the race, hip periprosthetic
joint infection may occur. The biomimetic BTS
scaffolds, which support the adhesion of seed
cells during the “race for the surface”, might
help to decrease the infection rate [11].
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In this study, we constructed a functional BTS
scaffold modified with BMSC specific affinity
peptide E7, which specifically promoted the
adhesion and spreading of BMSCs. When cul-
tured with osteogenic induction medium, the
BMSCs on BTS scaffolds show better osteogen-
ic performance than the controls, which could
be attributed to the superior initial adhesion of
BMSCs to the BTS scaffolds. The functional
BTS scaffold could pave the way for designing
functional joint prostheses that promote osseo-
integration between the host bone and pros-
thesis. However, the in vivo biological function
of BTS scaffolds and the specific mechanism of
E7 in improving BMSC adhesion, have not been
ascertained and will be explored in future work.
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